Cells transformed by murine sarcoma virus have been examined for the presence of a new virusassociated cell-surface antigen by immunoelectron microscopy. A common antigen has been detected on the surface of nonproductively transformed cells that were induced by two different strains of murine sarcoma virus, Kirsten and Moloney. This antigen shows crossreaction with cell lines transformed by murine sarcoma virus that were produced in two different mammalian species, rats and mice. Further, this antigen is distinct from previously described antigens on the surfaces of cells infected by murine leukemia virus, on the viral envelope, and on the surfaces of spontaneously transformed cell lines or cell lines transformed by x-irradiation.
Several tumor viruses have been shown to induce the formation of virus-associated antigens in nonproductively transformed mammalian cells. Transformation with DNA-containing viruses such as simian virus 40 and polyoma virus results in the production of an intranuclear T antigen (1) and a strong transplantation antigen (2) . Avian RNA-containing sarcoma viruses that transform mammalian cells cause production of virus-associated antigens including the avian Ctype group-specific (gs) antigen (3) and a recently described transplantation antigen (4) .
Murine sarcoma virus (MSV) also induces transformation of cells in the absence of detectable virus production (5, 6). MSV-transformed nonproducer cells have been shown to contain virus-specific RNA (7) . In addition, the sarcoma viral genome can be rescued from MSV-transformed nonproducer cells by infection with a helper leukemia virus (5, 6). However, the production of any virus-associated antigens has yet to be demonstrated by either serological methods or by transplantation immunity techniques (8, 9) . It has been shown that immunoelectron microscopy provides a sensitive and specific method for detection and location of antigens on cell surfaces (10) . The availability of clonal lines of nontransformed cells and of sublines that have been transformed either spontaneously or by oncogenic viruses (11) (12) (13) has led us to search for MSV-associated antigens on the surfaces of MSV-transformed nonproducer cells by immunoelectron microscopy.
MATERIALS AND METHODS
Cellt and Viruses. Cells were grown in Dulbecco's modification of Eagle's medium supplemented with 10% calf serum. The individual cell lines used are described in Table 1 . In addition to the above tissue-culture lines, Rauscher murine leukemia virus (MuLV)-induced BALB/c leukemia was maintained in syngeneic mice and used as a source of MuLVinduced surface antigen. The sources of murine sarcoma and murine leukemia viruses used have been reported (9, 12) .
Antisera. All antisera were prepared in 6-to 8-week-old female BALB/c mice obtained from the National Institutes of Health breeding colony, Bethesda, Md. Tissue culture cells 
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BALB/3T3 [10] [11] [12] [13] [14] days after the last immunization. This allogeneic antiserum was tested exclusively against BALB/c-derived cell lines, K-BALB, K-BALB(R-MuLV), R4-BALB, and BALB(R-MuLV), to avoid reaction with alloantigens. The antisera against nonproducer cell lines, BALB/c anti-K-BALB and BALB/c anti-K-NIH, are designated as "nonproducer antisera" whereas the antiserum against the virus-producing cell line, BALB/c anti-K-BALB (R-MuLV), has been designated as "producer antiserum" in this study. Absorption of Antisera. Absorption was performed by incubation of serum with an equal volume of well-washed, packed cells at 40 for 60 min with periodic agitation. Cell suspensions were centrifuged at 1500 rpm (300 X g) for 15 min and the absorption procedure was repeated with fresh cell packs. In each experiment, antisera were tested for activity against BALB/3T3 and NIH/3T3 cells, and then only completely absorbed antisera were used.
Immunoelectron Microscopy. The methods for detection of cell-surface antigens by immunoelectron microscopy have been described (10 RESULTS A summary of the data is given in Fig. 1 and Table 2 .
Presence of a new cell-surface antigen on
MSV-transformed nonproducer cells
Studies were first performed to determine whether any new antigens were present on the surface of MSV-transformed nonproducer cells. Antisera prepared from BALB/c mice after either three immunizations or hyperimmunization (7) (8) (9) immunizations) with the nonproducer cell line, K-BALB, were first doubly absorbed with normal BALB/3T3 cells to remove any activity with normal BALB/c antigens and then tested by immunoelectron microscopy against K-BALB cells. The early serum showed a relatively weak reaction with K-BALB cells. However, the hyperimmune serum clearly labeled small sectors on the cell surface of the MSV-transformed cells (Fig. 2) . The activity of the serum BALBIc anti-K-BALB was eliminated by double absorption with K-BALB cells. Studies were performed to establish whether the newly detected surface antigen on MSV-nonproducer cells was common to MSV-transformed cells derived from different strains of mice. The two nonproducer antisera, BALB/c anti-K-BALB and BALB/c anti-K-NIH, reacted with both nonproducer K-BALB and K-NIH lines, labeling small sectors on the cell surfaces; the same sera were completely negative when tested against normal BALB/3T3 and/or NIH/3T3 cells. The specificity of these reactions was shown by the fact that the activities could be eliminated from each serum by crossabsorption with either nonproducer cell line. A subclone of BALB/3T3 cells, obtained after exposure to a high dosage of x-irradiation, R4-BALB, was also tested for antigens that crossreacted with those of the MSV-nonproducer cells. There was, however, no evidence of MSV-associated antigens on. this cell line. The nonproducer antiserum did react with a Ki-MSVtransformed rat nonproducer line (K-NRK) but not with control normal rat-kidneycells (NRK), indicating crossreaction of the antigen between MSV-transformed cells of two different species.
Crossreaction between MSV-associated surface antigens of cell lines nonproductively transformed by different strains of MSV The Kirsten strain of murine sarcoma virus (Ki-MSV) was originally isolated by passage of a mouse erythroblastosis virus in W/Fu rats (16) . The virus could, therefore, be of rat origin. In contrast, the Moloney strain of MSV (M-MSV) was obtained after passage of Moloney MuLV in mice (17) . Although similar in most of their tissue culture properties (7, 12) , cells transformed by these viruses do show morphological differences ( (Fig. 3 ) and a few virions were labeled on small areas of the envelope (Fig. 4) . This latter labeling may have resulted from acquisition by virions of antigens previously existing on the cell surface during budding, as observed for some alloantigens that have been detected on the envelope of Gross-MuLV (18) . To determine whether the surface antigen detected on MSV-transformed producer and nonproducer cell lines was related to the previously described MuLVassociated surface antigen (19) , the nonproducer antisera, BALB/c anti-K-BALB and BALB/c anti-K-NIH, were tested with the Rauscher leukemia cell line, BALB-Rleukemia. No positive reactions were observed, indicating that the antigen common to MSV nonproducer cells was absent from the surface of leukemia virus-infected cells. Further evidence that MuLV-and MSV-associated antigens differed was obtained by absorption of the serum BALB/c anti-K-BALB with either BALB (R-MuLV), BALB (Ki-MuLV), or BALB-R-leukemias; absorption with either of these three MuLV-producing cell lines failed to absorb out the activity of this antiserum with the nonproducer cells. These findings lead to the conclusion that there is no crossreaction between MuLV-associated and MSV-associated cell-surface antigens.
Antigens of MSV-transformed virus-producing and nonproducing cells were next compared by use of sera made against producer cells. Antisera were obtained from BALB/c mice immunized with the R-MuLV-superinfected, transformed cell line, K-BALB(R-MuLY). The antisera were tested for activity against MSV-transformed producer [K-
, and BALB-R-leukemia target cells. Sera obtained after the third immunization showed only very weak labeling of the surface of K-BALB target cells. K-BALB (R-MuLV) target cells showed a similar weak surface labeling and, in addition, thbre was a labeling of the entire envelope of mature and budding viruses (Fig. 5) . Absorption of the producer antiserum BALBIc anti-K-BALB(R-MuLV) with BALB-R-leukemias resulted in loss of the activity with antigens on the BALB-R-leukemia cell surface and R-MuLV envelope. The absorbed sera, however, retained their activity against the cell-surface antigens of both the nonproducer and producer transformed cell lines. The hyperimmune serum BALBAc anti-K-BALB(R-MuLV) (7) (8) (9) immunizations) also labeled small sectors on the surface of both nonproducer (K-BALB, K-NIH) and producer [K-BALB (R-MuLV), K-NIH (R-MuLV)] target cells (Fig. 6) gen(s) than the MSV-associated cell-surface antigen; the latter was only clearly detectable after repeated immunization. These findings also provide further evidence that the specificity of nonproducer cell-surface antigen differs from that of R-MuLV-associated antigens.
Although the producer antiserum BALB/c anti-K-BALB (R-MuLV) no longer reacted with K-BALB cells after absorption with this cell line, it still labeled the surface of virusproducing K-BALB(R-MuLV) cells. Since this absorbed serum also reacted with the surface of BALB(R-MuLV) cells, it is very likely that the residual activity with K-BALB(RMuLV) cells was due to the presence of antibodies against RMuLV-associated cell-surface and viral-envelope antigens. 
DISCUSSION

